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Previous research has shown that flow disturbances such as vortices and turbulence are 
created by mild constrictions in arteries. Accurate noninvasive detection of these 
disturbances could be of diagnostic value in the identification of mild atheromatous 
lesions. Although Doppler ultrasound devices which indicate blood velocity are commonplace, 
existing systems have severe shortcomings with regard to quantitative measurement of flows 
with a rapidly varying velocity such as encountered in turbulence; and there exists no 
established theory for defining the accuracy of turbulence measurement in blood. The present 
objectives are to establish such a theory, implement this theory via minicomputer signal 
processing of the Doppler signal, test the system by measurement in actual flows, and design 
an instrument which can operate in a clinical environment. The proposed theory, entitled the 
Digital First Moment (DFM) Method, was found to be accurate for synthesized Doppler signals 
under the previous grant period. The present proposal seeks to extend the work to actual 
flows, including blood flow in stenosed arteries. The methods of research include scattering 
studies which examine the effects of spectral broadening upon the first moment of the 
Doppler spectrum, methods for correcting for spectral broadening, theoretical estimates and 
experimental investigation of the limits of velocity fluctuation frequency response, 
comparisons of pulsed Doppler ultrasound velocity measurements using the DFM approach with 
laser Doppler anemometer methods, and a design study to define the requirements and accuracy 
of a clinical instrument which would be directed towards application to the carotid artery. 
Successful completion of the objectives would have several benefits: a comprehensive theory 
for time-varying velocity measurement with pulsed Doppler ultrasound would be available; a 
clinically useful instrument with well-defined accuracy would be designed for use in early 
detection of localized atherosclerosis of the carotid artery; and the methods developed 
would be available for other Doppler ultrasound applications such as volume flow rate 
measurement. 
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Accurate noninvasive detection of blood flow disturbances, such as vortices and 
turbulence, created by mild constrictions in arteries could be of significant value in the 
diagnosis of early stages of atherosclerosis. Although Doppler ultrasound devices which 
measure blood velocity are common place, existing systems have severe shortcomings with 
regard to quantitative measurement of flows with a rapidly varying velocity such as 
encountered in turbulence. The research under this grant examined two methods of treating 
a pulsed Doppler ultrasound signal to extract accurate turbulence information: a frequency 
tracking method and an evolutionary first moment method implemented on a digital 
computer. Significant improvements in pulsed Doppler ultrasound measurements were 
demonstrated with frequency tracking. Ultrasound measurements of turbulence under a 
wide range of flow conditions compared favorably with turbulence measurements with a 
laser Doppler anemometer in laboratory studies. The progress was sufficient to begin 
applying frequency tracking to ongoing research in poststenotic hernodynarnics in animals 
and humans. The evolutionary first moment method involved development of a theory for 
utilizing power spectra of Doppler signals, sampled for a relatively short duration, to 
calculate the flow velocity rapidly as a function of time. The theory was then tested for 
accuracy on a variety of signals, ranging from signals with constant frequency to signals 
simulating the random frequency and amplitude of a Doppler signal arising from turbulent 
flow. Additionally, the effect of sampling windows on the analysis was studied. The first 
moment theory, as implemented on a digital compUter, gave accuracy in accordance with 
design criteria in these studies. Actual Doppler signals, arising from real situations such as 
arterial blood flow, have yet to be studied by this evolutionary first moment method; and 
difficulties associated with accounting for acoustic properties of the insonation and 
scattering processes are expected. Considerable additional research is required to bring the 
first moment approach to its full potential. In summary, the research under this grant has 
yielded important improvements in the measurement of flow disturbances with ultrasound 
by using frequency tracking and has established a theoretical framework for digital first 
moment signal processing which has been proven acciwale on siin !la led signals. The 
frequency tracking method is now being employed in animal and human studies related to 
atherosclerosis-induced flow disturbances. 
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